INTRODUCTION
tenuated glial uptake and passive translocation from blood via a damaged blood-brain barrier (Katayama et (Palmer et al., 1993) and clinical cellular glutamate due to sustained neuronal release, at-studies (Bullock et al., 1995) . The (Choi et al., 1987; Schneider et al., 1993) . Intracellular accumulation of water referred to as cytotoxic brain edema is attributed to impaired ionic and energetic homeostasis (Katayamaetal., 1990; Katayamaetal., 1992; Nilsson et al., 1993; Nilsson et al., 1996) and is believed to develop sequentially or parallel to vasogenic edema formation. Glutamate-induced cell swelling is linked to compensatory release of the volume-regulatory amino acid taurine (Menéndez et al., 1989; Dutton et al., 1991 ; Saransaari and Oja, 1991) (Baker et al., 1993; Shimada et al., 1993; Palmer et al., 1994; Stover et al., 1997 (Fürst et al., 1990 Increases are significant compared to the extent of tissue damage as seen on the initial CT scans (p < 0.001). Under physiological conditions transmitters are maintained at low levels within the extracellular space due to neuronal and glial uptake (Danbolt, 1994) . Normal extracellular glutamate and taurine levels are within the micromolar range while they are stored in millimolar concentrations intracellularly (Ottersen, 1988; StormMathisen et al., 1992 (Danbolt, 1994) .
In traumatic and ischémie brain injury, uncontrollable release of glutamate (Nilsson et al., 1990; Hagberg et al., 1985) is attributed to general depolarization and impaired ionic homeostasis (Katayama et al., 1990; Katayama et al., 1992; Nilsson et al., 1993 Nilsson et al., , 1996 , inhibition of uptake by arachidonic acid and free oxygen radicals (Volterra et al., 1994) , and reversal of the energy-dependent glutamate transporter due to ionic and energetic impairment (Madl and Burgesser, 1993) . Primary brain injury is complicated by local ischemia known to occur in the presence of contusions and subdural hematoma (Bullock et al., 1991; Muizelaar and Schröder, 1994; Kochanek et al., 1995) despite successful maintenance of global cerebral perfusion pressure. Posttraumatic ischémie tissue damage, in turn, is associated with sustained release of glutamate (Bullock et al., 1991) . This could possibly explain persisting pathologic CSF values in all patients and the secondary increase in CSF glutamate seen by the fifth posttraumatic day in patients with subdural hematomas.
Observed progression of brain edema during the first 2 posttraumatic days is in accordance with experimental findings (Eriskat et al., 1994; Kochanek et al., 1995) . Enlargement of perifocal edema is related to evolving vasogenic and cytotoxic edema which seems to persist up to 14 days after trauma. The excitotoxin glutamate is widely accepted to contribute to these pathologic alterations. According to in vivo and in vitro studies glutamate damages the blood-brain barrier (Zuccarelo and Andersen, 1993; Mayhan and Didion, 1996) and causes cellular swelling (van Harreveld and Fifkova, 1971; Schneider et al., 1993) .
Artificial increases in CSF amino acid levels due to blood-brain barrier damage as seen in animal studies (Kempski et al., 1990; Koizumi et al., 1997) cannot be excluded in the present study. These artificial increases, however, seem subordinate since CSF serine levels remain rather stable in all investigated patients. Generalized edema formation is seen as the radiological correlate to cytotoxic edema (Weisberg et al., 1990) , 1990) . There is substantial evidence that glutamate induces osmotic cell swelling as ionic homeostasis is disturbed and Na+ accumulates intracellularly (Barbour et al., 1988; Kimelberg et al., 1989; Schneider et al., 1993) .
Glutamate-mediated increase in cell volume, in turn, has been shown to result in an increased release of taurine 139 (Saransaari and Oja, 1991 (Okamoto et al., 1983; Taber et al., 1986) . Neuronal excitation results in a sustained release of taurine (Magnusson et al., 1991) regulating exocytosis of excitatory amino acids with the aim of balancing glutamatemediated excitotoxicity (Kamisaki et al., 1993) . Co-release of these two amino acid transmitters is seen in the fact that changes in extracellular taurine levels occur in conjunction with alterations of free glutamate concentrations in traumatic and ischémie injuries (Nilsson et al., 1990; Hagberg et al., 1985) and has also been demonstrated in cultured neurons and astrocytes (Holopainen et al., 1989 
